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The present invention relates to a method for lowering serum cholesterol in mammalian species by admin- 
itnre on the initial cellular events of atherosclerosis remain unkown. 

ulator of prostacyclin release from endothelial cells) by mh.bit.ng .ts degradat.on and ACE mh.b.tors, 

Hype^stn^LT/^ P— . Vol. 12 (Suop, ^f^^ 
senteric arteries atherosclerosis with captopril in spontaneous hypertensive Okamoto rats (SHRs), 



88,1 Tome^ Net ^Suppress.e Effect of Captopril on Platelet Aggregation in Essential "n*"**' £ 

rts hypotensfce effect, it may be very useful for the prevention of atheroscleros,s and thrombofc d.seases 

S °1!t^^^^ of the angiotensin .-converting enzyme inhibitor, captopril. on serum lipoper- 

oxide eS and he ^^mln^on. and kal.ikrein-kinin systems in hypertensive 

preventing serum lipoperoxides concentration (LPX)-induced atherosclerosis .n hypert ens "*^* T 

So K etal'Acute effects of captopril on senjm lipid peroxides level in hypertensive patents, Tohoku 
, fII S Mav 19^ lS(lTp 127-8, suggests that inhibition of angiotensin-converting enzyme by cap- 

terol fed rabbits show no significant effects in the development of atherosclerosis. 

Sue^f M^Le. 1 e Ed, pp 23. tt 241. indite, at gaga 240 .ha. Mood pres.ua . a, acce!- 

""32 and 4.106.71. to Ort* a. a, dfcdosa prrtine da,1,a«vas. laduding cap.»pnl. 
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, inhibits ^"^XiX£L*» at al discloses phosphonaK substituted amino or imino adds 
ands**^^^^^^^ 

% Z*2 £rZri). These compounds are ACE inhibitors useful in treaty hypertension. 

w Description of the Invention 

■mmmmm 

35 phonata substituted amino or imino serfs or sails d.sctosed in LIS Patent Ha ^ atmd 

Ipyd^phenyi^lphosphin,^ 

the phosphinylalkanoyi prolines disclosed in U.S. Patent no. 4,hoo^cm <*. 

in U.S. Patent No. 4,432,971 . j( , ,, ... D otont w n a ^37 201 to Petrillo have the for- 

The phosphinylalkanoyi substituted prolines disclosed in U.S. Patent No. 4,337,201 



40 mula 



« OR 2 



0 R- O 0 

Rl -P-(CH 2 ) n -CH-C-R 5 -C-OR 4 , 



or a salt thereof, wherein R, is alkyl. aryl, arylalkyl, cycloalkyl or cycloalkylalkyl; 
one of R 2 and R4 is 



50 



O 

ll 

-CH-O-C-Y 

I 

X 



55 



and the other is hydrogen, alkyl, aryalkyl or 
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20 



25 



30 



O 
II 

-CH-O-OY , 

! 

X 



wherein X is hydrogen, alkyi or phenyl and Y is hydrogen, alkyl, Phenyl or alkoxy, or together X and Y are - 
(CH 2 ) 2 -, -(CH 2 ) 3 -, -CH=CH- or 



35 



40 




15 R3 is hydrogen or alkyl; 

-R 5 -COOR4 is 





Z " R 10 




COOR 4 , -N COOR 4 , 

(L) 



Rg, 

R 8 . 

or -N ' — COOR 4 ; 

(L) 




Re is hydrogen, hydroxy, alkyl, halogen, azido, amino, cycloalkyl, ar*, arylalkyl, carbamoyloxy, N,N-di- 

^Ta^Ta^Sine and ..oh , 8 Kaiooen or -Z-R,. or R, and Ry tooether a. =0. -OtCH^ or 

" S_(CH ^is S hydrogen and R< 8 is phenyl, 2-hydroxyphenyl or 4-hydroxypheny. or Rs and R' 8 together are =0; 
Rg is alkyl, aryi, arylalkyl. 1- or 2-naphthyl, or biphenyl; 



R 10 is alkyl, aryi or arylalkyl; 
Z is oxygen or sulfur; 
nis0or1;and 
45 m is 1 or 2. 

The Petrillo patent covers fosinopril 



50 



55 
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/^\_(CH 2 ) 4 -P-CH 2 CO-N 1 C0 2 G Na® 



X — O OCOCH^CH, 

10 X CH 

>\ 

CH 3 CH 3 

15 

which is most preferred. 

The phosphonamidate substituted amino or imino acids disclosed in U.S. Patent No, 4,432,971 to Kara- 
newsky et al have the formula 

20 OR- R 0 O 

II I 1 1 2 II 
R_-P-N— CH-C-X 

OR 3 

25 

wherein X is an imino or amino acid of the formula 



R 7 

30 X CH 2 . Rg 



35 



r 

- C- 

• (L) ° i (L) 



2i | 2 ^ i 
_ N _ C-COOR, , -N C-COOR, 

O I IT \ ° 



R 9 .CH 



Y 



R 10 R 10 



*s_ . .X. 



40 1 CH 0 H 0 C CH 0 

I 2 2 I ! 2 

-N C-COOR, , -N C-COOR, 

i (L) 6 < (D 6 




55 
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-N 



C-COOR, 



-N C-COOR, 

i CM ' 



H 



(L) 



or 



-N— CH-COOR,, 
R 4 R 5 



R 7 is hydrogen, lower alkyl, halogen, keto hydroxy, 



-NH-C-lower 



alkyl, azido, amino, 



-N 



R 



20 



O 
II 



-NH-C-(CH 2 ) m -_/ 0 




< R 14>p 



a 1- or 2-naphthyl of the formula 



-< CH 2>m 




-(CHJro-cycloalkyl, 
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II / 15 
-O-C N 



-O-lower alkyl, 



10 



-0-<CH 2 ) m / Q 




< R 13>p ' 



15 a 1- or 2-naphtyloxy of the formula 



•0-(CH ) 

^ m 



20 




<*14>, 



-S-lower alkyl, 



25 



• S -< CH 2>m ( O 



30 




< R 13>p 



or a 1- or 2-naphthylthio of the formula 



35 



-S-(CH 9 ) 

2 m 




o o 



(R 14»p < 



40 



Re is keto, halogen, 



45 



II / 15 
-O-C-N 



v 15 



50 



-°- (CH 2^ ( O 




(R 13>p 



55 -O-lower alkyl, a 1- or 2-naphthyloxy of the formula 



EP 0 508 665 A2 



-0-<CH 2 ) 




< R 14>p 



10 



15 



-S-lower alkyl, 



- S -< CH 2>m 



or a 1- or 2-naphthylthio of the formula 




< R 13>p 



20 



- S -< CH 2>m 




25 Rq is keto or 



30 




O- 



< R 13>, 



35 



40 



45 



R 10 is halogen or -Y-R 16 , 

Rn, R'n, R 12 and R' 12 are independently selected from hydrogen and lower alkyl or R'n, R 12 and R' 12 
are hydrogen and R u is 




O. 



50 



< R 14>p 



R 13 is hydrogen, lower alkyl of 1 to 4 carbons, lower alkoxy of 1 to 4 carbons, lower alkylthio of 1 to 4 
carbons, chloro, bromo, fluoro, trifiuoromethyl, hydroxy, phenyl, phenoxy, phenylthio, or phenylmethyl. 

R 14 is hydrogen, lower alkyl of 1 to 4 carbons, lower alkoxy of 1 to 4 carbons, lower alkylthio of 1 to 4 carbons, 
chloro, bromo, fluoro, trifiuoromethyl or hydroxy. 

m is zero, one, two or three. 

p is one, two or three provided that p is more than one only if R 13 or R 14 is hydrogen, methyl, methoxy, 
chloro or fluoro. 

R 15 is hydrogen or lower alkyl of 1 to 4 carbons. 

Y is oxygen or sulfur. 

R 16 is lower alkyl of 1 to 4 carbons, 



55 



R 13 } p ' 



or the R 16 groups join to complete an unsubstituted 5- or 6-membered ring or said ring in which one or more 

8 
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of the carbons has a lower alkyl of 1 to 4 carbons or a di(lower alkyl of 1 to 4 carbons) substituent 
R4 is hydrogen, lower alkyl, cycloalkyl, or 



-<CH 2 ) 



R 5 is hydrogen, lower alkyl, 



-(CH 2 ) r — /q \ , -(CH 2 ) r —< O >~OH , 





-(CH 2 ) r (OV- OH, -(CH 2 ) r 



OH 




-(CH 2 ) r - 



o 



N , -(CH 2 ) r -NH 2 , -(CH 2 ) r -SH, 



N' 

i 

H 



-(CHJrS-lower alkyl, 



-(CH 2 ) r -NH-C 



NH 



NH, 



0 

II 

or-(CH2) r -C-]NH 2 , 

r is an integer from 1 to 4, 
R, is hydrogen, lower alkyl or cycloalkyl. 
R 2 is hydrogen, lower alkyl, halo substituted lower alkyl, 



"(CH 2 ) r 




-(CH 2 ) r — ( O ) 0H ' "t^r 



OH 
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-< CH 2>r"~fi » ' 



N 




H 



-(CHzVNH* -(CHzJrSH, -(CH 2 ) r S- lower alkyl, 



NH 



-(CH 2 ) r -NH-C , 
NH„ 



0 

H 



-(CH2) r -C-NH 2 . 

or and R 2 taken together are -(CH^-wherein n is an integer from 2 or 4. 
R 3 and Re are independently selected from hydrogen, lower alkyl, benzyl, benzhydryl, or 



0 
II 

-CH-O-C-R 



18 



17 



wherein R 17 is hydrogen, lower alkyl, or phenyl, and R 18 is hydrogen, lower alkyl, lower alkoxy, phenyl, 
R 17 and R 18 taken together are 
-(CHzJr. -(CHzJr, -CH=CH-, or 




R 19 is lower alkyl. benzyl, or phenethyl. 

R20 is hydrogen, lower alkyl, benzyl or phenethyl. 

R 21 is alkyl of 1 to 10 carbons, 



-(CH 2 ) q -Y0^> 

X ( R 



< R 13>p 



- ( CH^ ) , > , -(CH 0 ) m t 



-(CHJm-cycloalkyl, 
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-< Cn 2>m-tO 




O 
II 

or -CH-NH- C-R 23 
R 22 



wherein q is zero or an integer from 1 to 7 and R 14 , p and m are as defined above. 

R22 and R23 are independently selected from hydrogen, lower alkyl, halo substituted lower alkyl, 



10 




< R 13>p 



15 



-(CHJm-cycloalkyl, 



20 



-(CH 2 ) 



m 



or 

25 



30 



N 




wherein m, R 14 , and p are as defined above. 

The phosphonate substituted amino or imino acids or salts disclosed in U.S. Patent No. 4,452,790 to Kar- 
anewsky et al have the formula 

35 

O R 0 O 

il i 2 ii 

Rj-P-O-CH-C-X 

40 

wherein X is an imino or amino acid of the formula 



45 R 4 



2 | | 2 
-N C-COOR c , -N OCOOR A 

so H (L) H (L) 




55 
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Y 



CH 2- 



R 8 R 8 



X 

C 

H (D ° j, <L) 



CH~. EL~C CH~ 

i 2 2| | 2 



-N C-COOR 6 , -N C-COOR 6 




or -N CH-COOR c , 



I i 
R 21 R 22 



0 

H 

R4 is hydrogen, lower alkyl, halogen, keto, hydroxy, -NH-C- lower alkyl, azido, amino, 

/ R 17 
-N 

R 18 



12 
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-NH-C-(CH 2 ) m — <Q 




< R 12>p 



-< CH 2>m-AO 




< R ll>p 



' - (CE 2>m 1 4 " 1 




-(CH 2 ) 



m 




2 'm 



o 



a 1- or 2-naphthyl of the formula 



■< CH 2>m 




< R 12>p 



-(CH2) m -cyc1oalkyl, 



-O-C-N 

R 13 



-O-lower alkyl, 



"O-^m ( O 




< R ll>p < 



a 1- or 2-naphthyloxy of the formula 



-0-(CH 2 ) m 




< R 12>p 



-S-lower alkyl, 



13 



EP0 508 665 A2 



- S -< CH 2>m \0 




< R ll>p ' 



or a 1- or 2-naphthylthio of the formula 



10 



-S-(CH 2 ) 



m 




^°1 0 J- <R 12>P ' 



15 



Rs is keto, halogen, 



° / R 13 



20 



-O-C-N 



^13 



25 



-°-< CH 2>« ( O 




-O-lower alkyl, a 1- or 2-naphthyloxy of the formula 



30 



-°-t CH 2 > m 



35 




(R 12 ) p 



-S-lower alkyl, 



40 



-S-(CH 2 ) 



m 




< R n>p ' 



45 



or a 1- or 2-naphthylthio of the formula 



50 




(R 12 ) p 



55 R 7 is keto or 
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< R 11>P 



10 



15 



20 



25 



30 



35 



Each Rs is independently halogen or -Y-R u . # 
R 9 , Rg', R 12 and R 10 ' are independently selected from hydrogen and lower alkyl or R 9 , R 10 and R 10 are 

hydrogen and R 9 is 



< R 12>t> 




R„ is hydrogen, lower alkyl of 1 to 4 carbons, lower alkoxy of 1 to 4 carbons, lower alkylthio of 1 to4carbons, 
chloro, bromo, fluoro, trifluoromethyl, hydroxy, phenyl, phenoxy, phenylthio, or phenylmethyl. 

R 12 is hydrogen, loweralkyl of 1 to 4 carbons, lower alkoxy of 1 to 4 carbons, lower alkylthio of 1 to4carbons, 
chloro, bromo, fluoro, trifluoromethyl or hydroxy. 

m is zero, one, two or three. 

p is one, two or three provided that p is more than one only if R„ or R 12 is hydrogen, methyl, methoxy, 

chloro or fluoro. 

R 13 is hydrogen or lower alkyl of 1 to 4 carbons. 

Y is oxygen or sulfur. 

R u is lower alkyl of 1 to 4 carbons, 



■ ( CH^ ) - 
v 2 'm 




o 



< R 11>P 



or 



u . the R 14 groups join to complete an unsubstitoted 5- or 6-membered ring or said ring in which one or more 
of the carbons has a lower alkyl of 1 to 4 carbons or a di(lower alkyl of 1 to 4 carbons) substituent. 
R 2i is hydrogen, loweralkyl, cycloalkyl, phenyl or 



-<CH 2 ) r -^<3) 



40 



45 



R22 is hydrogen, lower alkyl, 



-< CH 2>r— (Oy> ' - (CH 2 ) r- H \0^)- 



OH , 



50 



55 



-(CH^ 




O V- OH, «(CH 2 ) r - 



OH 



03 



H 



15 
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-(CH 9 ) — , N , -(CH 2 ) r -NH 2 , -(CH^-SH, 

IT 

I 

H 



-(CH 2 ) r NH 2 , -(CH^SH, 
-(CH^rS- lower alkyl, 



10 



15 



NH 



-(CH 2 ) r -NH-C^ 

H NH 



or-CCHzJrC^NHz- 
20 r is an integer from 1 to 4. 

r 1 is alkyl of 1 to 10 carbons, aminoalkyl, haloalkyl, 



25 



-(CH 2 ) g — 



< R ll>p 



-(CH^q-cycloalkyl, 

30 



35 



40 



45 



50 




o 
II 



-(CH 2 ) g — j-OJ ' or -CH-NH-C-R 20 



N R 19 



wherein q is zero or an integer from 1 to 7 and R 12 and p are as defined above. 

R 19 and R 20 are independently selected from hydrogen, lower alkyl, halo substituted lower alkyl, 



-<CH 2 ) 



< R ll>p 



-(CHJm-cycloalkyl, 



55 



16 
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-(CH 2 ) r [j N , -(CH 2 ) r -NH 2 , -(CH 2 ) r -SH, 

H 



30 -(CHJr-S- lower alkyl, 



-(CH 2 ) r »NH-C 



35 



i 



NH 



or 



0 

II 

40 -(CH2) f -C-]NH 2 , 

wherein r is as defined above. 

R3 and Re are independently selected from hydrogen, lower alkyl, benzyl, alkali metal such as Li, Na or 
K, benzhydryl, or 



45 0 

II 

-CH-O-C-R, . 

I 15 

R 15 

50 



wherein R 15 is hydrogen, lower alkyl, cycloalkyl or phenyl, and R 16 is hydrogen, lower alkyl* lower alkoxy, phenyl, 
or R 15 and R 16 taken together are -(CH^-, -(CH 2 ) 3 - f -CH=CH-, or 



55 



17 
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R 17 is lower alkyl, benzyl, or phenethyl. 



NH- 

P-O-CH-C-N I 




I 1 X 
O ^COOH 

(ceronapril) 

The phosphinylalkanoyl prdines disposed in U.S. Patent No. 4,168,267 to Petf.lo have the fon^ula 



O R 3 
Rl -P-(CH 2 ) -CH-CO-N CH, 



t 

OR. 



v/ 



CH 

I 

COOR 4 



wherein Pm is lower alkyl, phenyl or phenyl-lower alkyl; 
R 2 is hydrogen, phenyl-lower alkyl or a metal ion; 
Rs is hydrogen or lower alkyl; 

FU is hydrogen, lower alkyl, phenyl-lower alkyl or a metal ion, and 

related compounds as disclosed ^-^^^ e|ated ^pounds such as disclosed in U. S. Patent 
as disclosed n U. S. Patent No. 4,231 ,938, pravastatin ana reidicu J' Patents Nos. 4,448,784 

No. 4.346.227. velosUtin < S yn,in.lin> and related "^"^^^^^ inhibitors 
and 4,450,171, with lovastatin. pravastatin orvelosat n "^^^"Jl™ p^*, ^ 
.rhir* ma, bee^oyed herein indud^^^ 

NO. 022,026, naphth,. ^°^™ ^SCa ^— «ta^ni 
ooahydro-naphthaleiiBS such as disclosed in U. S^-^^f 80542 14R-Sot 6WE)ll-6-(4,4-bis(4-«u- 

are disclosed in GB 2205837 which compounds have the moiety 



18 



EP 0 508 665 A2 



O 

II 

-P - CH 0 -CH-CH„ - CO- 

I 2 \ £. 

X OH 
Z 

wherein X is -O- or -NH-, n is 1 or 2 and Z is a hydrophobic anchor. 

Examples of such compounds include (S)-4ffi4'-fluoro-3,3',5-trimethyl[1,1'-biphenyl]-2-yl]methoxylme- 

thoxyphosphinyl]-3-hydroxy-butanoic acid, methyl ester or its monolithium salt, 

(SH-[[[4'-fluoro-3,3',5-trimethyl[1,1'-biphenyl]-2-yl]methoxy]hydroxyphosphinyl]-3-hydroxybutanoic 

acid, dilithium salt, u t 

(3S)-4-[[[4'-fluoro-3,3'.5-trimethyl[1,1'-biphenyl]-2-yl]methoxy]methylphosphinyl]-3-hydroxybutanoic 

acid, monolithium salt, 

(S)-4-m2,4-dichloro-6-[(4-fluorophenyl)methoxy]phenyl]methoxy]methoxyphosphinyl]-3-hydroxybuta 

noic acid, monolithium salt, 

(3S)^-[TJ2,4-dichloro-6-[(4-fluorophenyl)methoxy]phenyl]methoxy]hydroxyphosphinyl]-3-hydroxybuta 

noic acid, dilithium salt, 

(3S)-4-[[2,4-dichloro-6-[(4-fluorophenyl)metoxy]phenyl]methoxy]methylphosphinyl]-3-hydroxybutanoic 

acid, or its methyl ester, and 

(SH-tt[[4'-fl«Joro-3.3',5-trimethyl[1,1'-biphenyl-2-yl]methyllamino]methoxyphosphinyl]-3-hydroxybuta 

noic aicd, monolithium salt. _ _ 

Another class of HMG CoA reductase inhibitors suitable for use herein include phosphinic acid compounds 
disclosed in GB 2205838, which compounds have the moiety 



-P-C&, -CH- CH, - CO- 

i 2 | Z 

X OH 



wherein X is -CrV -Cr^CHr, -CH=CH-, -CH 2 CH 2 CH 2 -, -C^C- or -CH 2 0-, where 0 is linked to Z, and Z is a 

hydrophobic anchor. . 

Examples of such compounds include (S)-40J1-(4-fluorophenyl)-3-(1-methylethyl)-1H-indol-2-yl]ethy- 

nyl]hydroxyphosphinyll-3-hydroxyfutanoic acid, or its sodium salt (SQ 33,600) (preferred) or its dilithium salt; 
(S)^-[[(E)-2-[4'-fluoro-3,3\5-trimethyl[1,1'-biphenyl]-2-yl]ethenyl]hydro)cyphosphinyl]-3-hydroxybuta 

noic acid or its dilithium salt; , . . . . . 

(S)-4-[[2-[4'-fluoro-3,3',5-trimethyl[1 . 1 '-biphenyl]-2-yl]ethyl]hydroxyphosphinyl]3-hydroxybutanoic acid. 

methyl ester or mono- or di-alkali metal salts thereof; 

(S)-4-[f[4'-fluoro-3,3',5-trimethyl[1,1'-biphenyl]-2-yl]ethynyl]methoxyphosphinyl]-3-hydroxybutanoic 

acid or the methyl ester thereof; # ^ . , . . . 

(5Z)-4-n2-[4'-fluoro-3,3',5-trimethyl-[1,1'-biphenyl]-2-yl]ethenyl]hydroxyphosphinyll-3-hydroxybutanoic 

acid, methyl esters thereof; ■_.„«,.,, ^ 

(S)-4-[[2-[3-(4-fluorophenyl)-1-(1-methylethyl)-1H-indol-2-yl]ethyl]methoxyphosphinyl]-3-hydroxybuta 

noic acid, methyl esters; 

(S)-4-[[2-[[1,1'-biphenyl]-2-yl]ethyl]methoxyphosphinyl-3-hydroxybutanoic acid, methyl ester; 
(S)^-[[2-[4'-fluoro-3,3^5-trimethyl[1,1'-biphenyl]-2-yl]ethyl]hydroxyphosphinyl]-3-hydroxybutanolC 

acid, dilithium salt; 

(S)-4-[[2-[4'-fluoro-3,3^5-trimethyl[1,1'-biphenyl]-2-yl]ethynyl]hydroxyphosphinyl]-3-hydroxybutanorc 
acid, dilithium salt; 

(SZ)-4-[[2-[4'-fluoro-3,3'.5-trimethyl[1,1'-biphenyl]-2-yl]ethenyl]hydroxyphosphinyl]-3-hydroxybutanoic 
acid, dilithium salt; 

(S)-4-[[2-[3-(4-fluorophenyl)-1-(1-methylethyl)-1H-indol-2-yl]ethyl]hydroxyphosphinyl]-3-hydroxybuta 

noic acid, dilithium salt; 

(S)-4-[[2-[(1,1'-biphenyl]-2-yl]ethyl]hydroxyphosphinyl]-3-butanoic acid, dilithium salt; 
(S)-4-(hydroxymethoxyphosphinyl)-3-[[(1,1-dimethylethyl)diphenylsilyl]oxy]butanoic acid, methyl ester, 

19 
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or its dicyclohexylamine (1:1) salt; 

(EH-[[2-[3-(4-fluorophenyl)-H 
tanoic acid or its dilithium salt or methyl ester thereof; 

4-P-[4'-fluoro-3,3\54rimethyl[1,1'^ acid or 

its dilithium salt or methyl ester thereof; 

(E)-4-[[2-[4'-fluoro-3,3\5-trimethyl[1^^ 
acid or its dilithium salt or methyl ester thereof; 

(SH-[[[2,4-dimethyl-6-[(4-fluoro 
acid or its dilithium salt or methyl ester thereof; 

(SM-[n2,4-dimethyl-6-[(4-fluorophenyO 
ic acid or its dilithium salt or methyl ester thereof; 

(S)^-[[2-[3,5-dimethyl[1,1'-biphenyl)2-yl]ethyl)hydroxyphosphinyl]-3-hydroxybutan acid or its dili- 
thium salt or methyl ester thereof; 

(S)-4-[[2-[4'-fluoro-3,5-dimethyl[1,1'-bipheny^ acid or 

its dilithium salt or methyl ester thereof; 

(S)-4-[[2-[[1,1'-biphenyl]-2-yl]ethynyl]hydroxyphosphinyl]-3-hydroxybutanoic acid or its dilithium salt or 

methyl ester thereof; 

(S)-4-[[2-(1-(4-fluorophenyl)-3-(1-^ 
-hydroxybutanoic acid, methyl ester; 

(SH-[[2-[1-(4-fluorophenyl)-3-(1-methylethyl)-1-indol-2-yl]ethynyl]hy 
noic acid or its dilithium salt or disodium salt or methyl ester thereof; 

(S)-4-[[2-[1-(4-fluorophenyl)-3-(1-methylethyl)-1H-indol-2-yl]ethyl]hydroxyphos 
noic acid or its dilithium salt or methyl ester thereof; 

(S)-4-[[2-[5-(4-fluorophenyl)-3-(1-methylethyl)-1-phenyl-1H-pyrazol-4-yl] 
-hydroxybutanoic acid, dilithium salt; 

(E)-4-CT2-[5-(4-fluorophenyl)-3-(1-me^ 
-hydroxybutanoic acid, methyl ester; 

(E)-4-H2-[5-(4-fluorophenyl)-3-(1-methyte 
-hydroxybutanoic acid, dilithium salt; 

(S)-4-[[2-[5-(4-fluorophenyl)-3-(1-methylethyl)-1-phenyl-1H-pyrazol-4-yl]ethyl]metho 

ydroxybutanoic acid, methyl ester; 

(S)-4-[[2-[5-(4-fluorophenyl)-3-(1-m^ 
ydroxybutanoic acid, dilithium salt; 

(S)-4-[[2-[3-(4-fluorophenyl)-5-(1-methylethyl)-1-phenyl-1H-pyrazol-4-yl]ethyl]methoxyph 

ydroxybutanoic acid, methyl ester; 

(S)-4-[[2-[3-(4-fluorophenyl)-5-(1-methylethyl)-1-phenyl-1H-pyrazol-4-yl]ethyl]h 

ydroxybutanoic acid, dilithium salt; 

(S)-4-n2-[3-(4-fluorophenyl)-5-(1-me 
-hydroxybutanoic acid, methyl ester; 

(S)-4-[[2-[3-(4-fluorophenyl)-5-(1-m^ 
-hydroxybutanoic acid, dilithium salt; 

(SM-m4-(4-fluorophenyl)-1-(1-me 
ydroxybutanoic acid, methyl ester; 

(S)-4-[[[4-(4-fluorophenyl)- 1 -(1 -methylethyl)-3-phenyl-1H-pyrazol-5-yi]ethynyl]hydroxyphosphinyl]-3-h 
ydroxybutanoic acid, dilithium salt; 

(S)-4-[[2-[4-(4-fluorophenyl)-1-(1-me%^ 
ydroxybutanoic acid, methyl ester; 

(S)-4-[[2-[4-(4-fluorophenyl)-1-(1-methylethyi)-3-phenyl-1H-pyrazol-5-yl]ethyl]hydroxyph^ 

ydroxybutanoic acid, dilithium salt; 

(S)-4-[[[1-(4-fluorophenyl)-4-(1-methylethyl)-2-phenyl-1H-imidazole-5-yl]ethynyl]methoxyph 

-hydroxybutanoic acid, methyl ester; 

(S)-4-[[[1 -(4-fluorophenyl)-4-(1 -methylethyl)-2-phenyl-1 H-imidazol-5-yl]ethynyl]methoxyphosphinyl]-3-h 
ydroxybutanoic acid, methyl ester; 

(SM-[[2-[1 -(4-fluorophenyl)-4-(1 -me 
ydroxybutanoic acid, methyl ester; 

(S)-4-[[2-[1-(4-fluorophenyl)-4-(1-methylethyl)-2-yl-phenyl-1H-imidazol-5-yl]ethyl]hydro^ 

-hydroxybutanoic acid, dilithium salt; 

(S)-4-[[[2-(cyclohexylmethyi)-4,6-dimethylphenyl]ethynyl]hydroxyphosphinyl]-3-hydro^ acid 
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or its dilithium salt or methyl ester thereof; 

4-[I2-[2-(cyclohexylmethyl)-4,6-dime^ acid or 

its dilithium salt or methyl ester thereof; 

(S)-4-[[2^2-(cyclohexylmethyl)-4,6-dime^^ acid 
or its dilithium salt or methyl ester thereof; 

4-|0I4'-fluoro-3 I 3\^ 
acid or its dilithium salt or methyl ester thereof; 

4-E[4'-fluoro-3,3\5-trimethyl[1 .1 '-biphenyl]-2-yl]methyl]hydroxyphosphinyl]-3-hydroxybutanoic acid or 

its dilithium salt or methyl ester thereof; 

(SM-[[[1-(4-fluorophenyl)-3-mett 
acid or its dilithium salt or methyl ester thereof; 

(E)-4-[[2-[1-(4-fiuorophenyl)-3-me%l^ 

acid or its dilithium salt or methyl ester thereof; 

(S)^-[[2-[1-(4-fluorophenyl)-3-methyl-2-naphthalenyl]ethyl]hydroxyphosphinyl]-3-hydroxybutan 

acid or its dilithium salt or methyl ester thereof; 

4~D3-[4'-fluoro^ aC1 ' 

methyl ester; 

4-n3-[4'-fluoro-3,3\5-trime^ acid ' 
dilithium salt; 

[1 S-[1 a(R*),2a,4ap,8p,8a^ 
thyl]methoxyphosphinyl]-3-hydroxybutanoic acid, methyl ester; 

[1 S-[1a(R*),2a,4ap,8p,8ap]^ 
ethyl]hydroxyphosphinyl]-3-hydroxybutanoic acid, dilithium salt; 

(SM-ffl3'-(4-fluorophenyl)sp^ 

droxybutanoic acid, methyl ester; and 

(S)-4-[[[3'-(4-fluorophenyl)spiro]cyclopentane-1 ,1 '-[1 H]indene]-2-yl]ethynyl]hydroxyphosphinyl]-3-hyd 

roxybutanoic acid, dilithium salt. 

The squalene synthetase inhibitors suitable for use herein include, but are not limited to, those disclosed 
by Biller et al, J. Med. Chem. 1988, Vol. 31, No. 10, pp 1869-1871, including isoprenoid (phosphinylme- 
thyl)phosphonates such as those of the formula 



21 



EP 0 508 665 A2 



0 O 
II II . 

R 1 -P-CH 2 -P-0 
I- I- 

o o 



0 0 

II II . 

R 1 -P-CF 2 -P-0 
I. I- 

o o 



10 



II 



15 



20 



25 



30 




including the triacids thereof, triesters thereof and tripotassium and trisodium salts thereof as well as other squa- 
lene synthetase inhibitors disclosed in pending U.S. Patent Nos. 4,871,721 and 4,924,024 and in Biller et al, 
J. Med. Chem., 1988, Vol. 31, No. 10, pp 1869 to 1871. 

35 In addition, other squalene synthetase inhibitors suitable for use herein include the terpenoid pyrophos- 

phates disclosed by P. Ortiz de Montellano et al., J. Med. Chem.; 1977, 20, 243-249, the farnesyl diphosphate 
analog A and presqualene pyrophosphate (PSQ-PP) analogs as disclosed by Corey and Volante, J. Am. Chem. 
Soc. 1976, 98, 1291-1293, phosphinylphosphonates reported by McClard, R. W. et al., J.A.C.S., 1987, 109 , 
5544 and cyclopropanes reported by Capson, T.L, PhD dissertation, June, 1987, Dept. Med. Chem. U. of Utah, 

40 Abstract, Table of Contents, pp. 16, 17, 40-43, 48-51, Summary. 

Preferred are pravastatin, lovastatin or velostatin or a squalene synthetase inhibitor such as disclosed by 
Biller et al., supra or combinations thereof which include a weight ratio of the HMG CoA reductase inhibi- 
torsqualene synthetase inhibitor of from about 0.05:1 to about 100:1. 

Other cholesterol lowering drugs which function other than by inhibiting the enzyme HMG CoA reductase 

45 or squalene synthetase suitable for use herein include, but are not limited to, antihyperlipoproteinemic agents 
such as fibric acid derivatives, such as fenofibrate, gemfibrozil, clofibrate, bezafibrate, ciprofibrate, clinofibrate 
and the like, probucol, and related compounds as disclosed in U. S. Patent No. 3,674,836, probucol and gem- 
fibrozil being preferred, bile acid sequestrants such as cholestyramine, colestipol and DEAE-Sephadex 
(Secholex®, Polidexide®), as well as clofibrate, lipostabil (Rhone-Poulenc), Eisai E-5050 (an N-substituted 

so ethanolamine derivative), imanixil (HOE-402) tetrahydrolipstatin (THL), istigmastanylphosphorylcholine (SPC, 
Roche), aminocyclodextrin (Tanabe Seiyoku), Ajinomoto AJ-814 (azulene derivative), melinamide (Sumitomo), 
Sandoz 58-035, American Cyanamid CL-277,082 and CL-283,546 (di-substituted urea derivatives), nicotinic 
acid, acipimox, acifran, neomycin, p-aminosalicylic acid, aspirin, poly(diallylmethylamine) derivatives such as 
disclosed in U. S. Patent No. 4,759,923, quaternary amine poly(diallyldimethylammonium chloride) and ionenes 

55 such as disclosed in U. S. Patent No. 4,027,009, and other known serum cholesterol lowering agents which 
lower cholesterol through a mechanism other than by the inhibition of the enzyme HMG CoA reductase or squa- 
lene synthetase. 

Also preferred are combinations of any of the HMG CoA reductase inhibitors, preferably pravastatin, or iso- 
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prenoid (phosphinylmethyl) phosphonates disclosed by Biller et al., supra, gemfibrozil or fenofibrate. 

Preferred are those ACE inhibitors which are substituted proline derivatives and most preferred is fosinopril. 
The above-mentioned U.S. patents are incorporated herein by reference. 

In carrying out the method of the present invention, the phosphorus-containing ACE inhibitor alone or in 
5 combination with the cholesterol lowering drug may be administered to mammalian species, such as monkeys, 
dogs, cats, rats, humans, etc., and as such may be incorporated in a conventional systemic dosage form, such 
as a tablet, capsule, elixir or injectable. The above dosage forms will also include the necessary carrier material, 
excipient, lubricant, buffer, antibacterial, bulking agent (such as mannitol), anti-oxidants (ascorbic acid of so- 
dium bisulfite) or the like. Oral dosage forms are preferred, although parenteral forms are quite satisfactory as 
10 well. 

The dose administered must be carefully adjusted according to age, weight and condition of the patient, 
as well as the route of administration, dosage form and regimen and the desired result. 

For oral administration, a satisfactory result may be obtained employing the phosphorus-containing ACE 
inhibitor in an amount within the range of from about 0.01 mg/kg to about 1 00 mg/kg and preferably from about 
15 0.1 mg/kg to about 5 mg/kg. 

A preferred oral dosage form , such as tablets or capsules, will contain the phosphorus-containing ACE 
inhibitor in an amount of from about 0.1 to about 500 mg, preferably from about 2 to about 5 mg, and more 
preferably from about 1 to about 3 mg. 

For parenteral administration, the phosphorus-containing ACE inhibitor will be employed in an amount with- 
20 in the range of from about 0.005 mg/kg to about 1 0 mg/kg and preferably from about 0.005 mg/kg to about 0.3 
mg/kg. 

For oral administration, a satisfactory result may be obtained employing the HMG CoA reductase inhibitor 
in dosages employed, for example, for lovastatin as indicated in the Physician's Desk Reference, such as in 
an amount within the range of from about 1 to 2000 mg, and preferably from about 4 to about 200 mg. The 
25 squalene synthetase inhibitor may be employed in dosages in an amount within the range of from about 10 mg 
to about 2000 mg and preferably from about 25 mg to about 200 mg. 

A preferred oral dosage form, such as tablets or capsules, will contain the HMG CoA reductase inhibitor 
in an amount of from about 0.1 to about 100 mg, preferably from about 5 to about 80 mg, and more preferably 
from about 10 to about 40 mg. 
30 A preferred oral dosage form, such as tablets or capsules will contain the squalene synthetase inhibitor in 
an amount of from about 10 to about 500 mg, preferably from about 25 to about 200 mg. 

The other serum cholesterol lowering drugs when present will be employed in dosages normally employed 
as indicated in the Physician's Desk Reference, for each of such agents such as in an amount within the range 
of from about 2 mg to about 7500 mg and preferably from about 2 mg to about 4000 mg. 
35 The phosphorus containing ACE inhibitor and cholesterol lowering agent may be employed together in the 

same oral dosage form or in separate oral dosage forms taken at the same time. 

The compositions described above may be administered in the dosage forms as described above in single 
or divided doses of one to four times daily. It may be advisable to start a patient on a low dose combination 
and work up gradually to a high dose combination. 
40 Tablets of various sizes can be prepared, e.g., of about 2 to 2000 mg in total weight, containing one or 
both of the active substances in the ranges described above, with the remainder being a physiologically ac- 
ceptable carrier of other materials according to accepted pharmaceutical practice. These tablets can, of course, 
be scored to provide for fractional doses. Gelatin capsules can be similarly formulated. 

Liquid formulations can also be prepared by dissolving or suspending one or the combination of active sub- 
45 stances in a conventional liquid vehicle acceptable for pharmaceutical administration so as to provide the de- 
sired dosage in one to four teaspoonsful. 

Such dosage forms can be administered to the patient on a regimen of one to four doses per day. 

According to another modification, in order to more finely regulate the dosage schedule, the active sub- 
stances may be administered separately in individual dosage units at the same time or carefully coordinated 
so times. Since blood levels are built up and maintained by a regulated schedule of administration, the same result 
is achieved by the simultaneous presence of the two substances. The respective substances can be individually 
formulated in separate unit dosage forms in a manner similar to that described above. 

Fixed combinations of phosphorus-containing ACE inhibitor and cholesterol lowering drug are more con- 
venient and are preferred, especially in tablet or capsule form for oral administration. 
55 In formulating the compositions, the active substances, in the amounts described above, are compounded 

according to accepted pharmaceutical practice with a physiologically acceptable vehicle, carrier, excipient, 
binder, preservative, stabilizer, flavor, etc., in the particular type of unit dosage form. 

Illustrative of the adjuvants which may be incorporated in tablets are the following: a binder such as gum 
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tragacanth, acacia, corn starch or gelatin; an excipient such as dicalcium phosphate or cellulose; a disintegrat- 
ing agent such as corn starch, potato starch, alginic acid or the like; a lubricant such as stearic acid or mag- 
nesium stearate; a sweetening agent such as sucrose, aspartame, lactose or saccharin; a flavoring agent such 
as orange, peppermint, oil of wintergreen or cherry. When the dosage unit form is a capsule, it may contain in 
addition to materials of the above type a liquid carrier such as a fatty oil. Various other materials may be present 
as coatings or to otherwise modify the physical form of the dosage unit For instance, tablets or capsules may 
be coated with shellac, sugar or both. A syrup of elixir may contain the active compound, water, alcohol or the 
like as the carrier, glycerol as solubilizer, sucrose as sweetening agent, methyl and propyl parabens as pres- 
ervatives, a dye and a flavoring such as chenry or orange. 

Some of the active substances described: above form commonly known, pharmaceutical^ acceptable salts 
such as alkali metal and other common basic salts or acid addition salts, etc. References to the base substances 
are therefore intended to include those common salts known to be substantially equivalent to the parent com- 
pound. 

The formulations as described above will be administered for a prolonged period, that is, for as long as the 
potential for elevated cholesterol and atherosclerosis remains or the symptoms continue. Sustained release 
forms of such formulations which may provide such amounts biweekly, weekly, monthly and the like may also 
be employed. A dosing period of at least one to two weeks are required to achieve minimal benefit. 

The following Examples represent preferred embodiments of the present invention. 

Examples 1 and 2 

Fosinopril formulations suitable for oral administration for reducing serum cholesterol are prepared as de- 
scribed below. 

1000 tablets each containing 10 mg fosinopril (Example 1) and 1000 tablets each containing 20 mg fosi- 
nopril (Example 2) are produced from the following ingredients. 

Fosinopril Sodium Tablets, 10 mg and 20 mg 

Ingredient Example 1 Example 2 



Fosinopril Sodium, at 100% 


10.0 


g 


20 


g 


Lactose NF anhydrous* 


138.0 


g 


127.5 


g 


Microcrystalline 


40 


g 


40 


g 


Cellulose NF 










Crospovidone NF 


7 


g 


7 


g 


Providone USP 


4 


g 


4 


g 


Magnesirm stearate NF 


1 


g 


1.5 


g 


Alcohol SD#3A 3 


g.s. 


* 


g.s. 




Total "weight 


200 


g 


200 


g 



1 The amount of lactose will vary in accordance 
with tiie potency of tin* fosinopril sodiuiA. 

2 The range for magnesium stearate is 0.3 to 1.5%. 

3 Alcohol SD#3A is used for granulating purposes 
and does not appear in the final product. 

The fosinopril and lactose are admixed with the crospovidone and providone and alcohol. The mixture is 
dried and ground to a fine powder. The microcrystalline cellulose and magnesium stearate are admixed with 
the granulation. The mixture is compressed in a tablet press to form 1000 tablets each containing 10 mg fosi- 
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nopril (Example 1) and 1000 tablets each containing 20 mg fosinopril (Example 2). 
Example 3 

5 A fosinopril formulation suitable for oral administration for reducing serum cholesterol is prepared as de- 

scribed below. 

1000 tablets each containing 15 mg of fosinopril are produced from the following ingredients. 



10 



15 



30 



50 



Fosinopril 15 g 

Corn starch 50 g 

Gelatin 7*5 g 

Avicel (microcrystalline cellulose) 25 g 

Magnesium stearate 2*5 g 



The fosinopril and corn starch are admixed with an aqueous solution of the gelatin. The mixture is dried 
and ground to a fine powder. The Avicel and then the magnesium stearate are admixed with the granulation. 
20 This is then compressed in a tablet press to form 1000 tablets each containing 15 mg of active ingredient. 

Example 3A 

A pravastatin formulation in the form of tablets having the following composition was prepared as described 
25 below. 



Ingredient Parts by Weight 

Pravastatin 10 

Lactose 67 

Microcrystalline cellulose 20 

Croscarmellose sodium 2 

35 Magnesium stearate 1 

Magnesium oxide 3 



Pravastatin, magnesium oxide and a fraction (30%) of the lactose were mixed together for 2 to 10 minutes 
40 employing a suitable mixer. The resulting mixture was passed through a #12 to #40 mesh size screen. Micro- 
crystalline cellulose, croscarmellose sodium and the remaining lactose were added and the mixture was mixed 
for 2 to 10 minutes. Thereafter, magnesium stearate was added and mixing was continued for 1 to 3 minutes. 

The resulting homogeneous mixture was then compressed into tablets each containing 10 mg pravastatin 
which may be used in combination with fosinopril for lowering serum cholesterol. 
45 The pravastatin tablets and fosinopril tablets may be administered as a combination in accordance with 
the teachings of the present invention to lower serum cholesterol. In addition, the pravatatin and fosinopril tab- 
lets may be ground up inot powders and used together in a single capsule. 



Example 4 

A ceronapril formulation suitable for oral administration in reducing serum cholesterol and inhibiting forma- 
tion of fatty streak lesions is set out below. 

1000 tablets each containing 100 mg of (S)-1-[6-amino-2-[[hydroxy(4-phenylbutyl)phosphinyl]oxy-1-oxo- 
hexyl]-L-proIine were produced from the following ingredients. 
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(S)-l-[6-Amino-2-[ [hydroxy (4-phenyl- 
butyl )phosphinyl ] oxy-l-oxohexyl ] - 

L-proline (ceronapril, SQ29,852) 100 g 

Corn starch 50 g 

Gelatin 7 5 g 

Avicel (microcrystalline cellulose) 25 g 

Magnesium stearate 2.5 g 

The ceronapril and com starch are admixed with an aqueous solution of the gelatin. The mixture is dried 
and ground to a fine powder. The Avicel and then the magnesium stearate are admixed with the granulation 
This is then compressed in a tablet press to form 1 000 tablets each containing 1 00 mg of active ingredient which 
is used for reducing serum cholesterol. 

Example 5 

By substituting 100 g of the ACE inhibitor (±)-1-[2-[[hydroxy(4-phenylbutyl)phosphinyl]oxy]-1-oxopropyl]- 
L-prolme, dilithium salt for the ceronapril in Example 4, 1000 tablets each containing 100 mg of such ACE in- 
hibitor are produced which is useful in reducing serum cholesterol. 

Example 6 

1000 tablets each containing 200 mg of ACE inhibitor are produced from the following ingredients: 

1- [ ( S ) -2- [ [ [ ( ± ) -i- ( Benzoylamino ) -3- 
phenylpropyl ] phosphinyl ] oxy ] -1- 
oxopropyl] -L-proline, dilithium 
salt (ACE inhibitor) 2 00 
Lactose 
Avicel 



g 

100 g 
150 g 

Corn starch 50 
Magnesium stearate 5 



g 
g 



The ACE inhibitor, lactose and Avicel are admixed, then blended with the com starch. Magnesium stearate 
is added. The dry mixture is compressed in a tablet press to form 1000 505 mg tablets each containing 200 
mg of active ingredient. The tablets are coated with a solution of Methocel E 15 (methyl cellulose) including as 
a color a lake containing yellow #6. The resulting tablets are useful in reducing serum cholesterol. 

Example 7 

Two piece #1 gelatin capsules each containing 25 mg of fosinopril are filled with a mixture of the following 
ingredients: a 
Fosinopril 25 mg 

Magnesium stearate 7 mg 
USP lactose 193 mg. 

The resulting capsules are useful in reducing serum cholesterol. 

Examples 8 and 9 

An injectable solution for use in inhibiting loss of cognitive functions is produced as follows: 
Fosinopril or ceronapril 500 mg 
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Methyl paraben 5 mg 

Propyl paraben 1 mg 

Sodium chloride 25 g 

Water for injection qs. 5 1. 

The fosinopril orceronapril preservatives and sodium chloride are dissolved in 3 liters of water for injection 
and then the volume is brought up to 5 liters. The solution is filtered through a sterile filter and aseptically filled 
into presterilized vials which are then closed with presterilized rubber closures. Each vial contains 5 ml of sol- 
ution in a concentration of 100 mg of active ingredient per ml of solution for injection. 

Examples 1 0 

Tablets containing 500 mg clofibrate by itself or in combination with 5 mg fosinopril may be employed in 
separate dosage forms or combined in a single capsule form to lower serum cholesterol in accordance with 
the present invention. 

Examples 11 to 13 

Ciprofibrate, bezafibrate, clinofibrate alone or in combination with ceronapril or fosinopril may also be pre- 
pared in a manner described hereinbefore in Examples 1 to 3 for use in lowering serum cholesterol. 

Example 14 

The effect of fosinopril and captopril, was tested on blood pressure, plasma lipids and the formation of foam 
cells in the aortic arch of hyperlipidemic hamsters. 

METHODS 

Experimental Design 

First a dose of 1 00 mg/kg of fosinopril was tested on the blood pressure of hamsters. Once it was confirmed 
that this amount of fosinopril decreased blood pressure acutely, a separate 3 week atherosclerosis study was 
commenced with the 1 00 mg/kg/day dose. This two-step procedure was repeated. Fosinopril and captopril both 
at 50 mg/kg were run side by side in an acute blood pressure study. It was followed by a 3 week atherosclerosis 
experiment where 50 mg/kg/day of fosinopril and 50 mg/kg/day of captopril were compared. 

Acute effects of fosinopril and captopril on blood pressure 

Three groups of hamsters had their mean arterial pressure monitored once at 6, 1 7 or25 hours respectively, 
after gavaging 1 00 mg/kg of fosinopril. These measurements were compared to a control group. Treated hanv 
sters were fasted for2 hours, then gavaged with drug and refed 2 hours after dosing. To measure mean arterial 
pressure, hamsters were anesthetized with methoxyfiuorane and a catheter was inserted into the carotid artery. 
Mean arterial pressure and heart rate was continuously monitored on a polygragh. The nose cone containing 
anesthetic was removed and the hamster gradually regained consciousness; when the hind leg first twitched 
following a gentle pinching of the foot, mean arterial pressure and heart rate were recorded. The hamster was 
re-anesthetized and this procedure was repeated twice more to give an average of mean arterial pressure and 
heart rate for each animal in a semiconscious state. 

In a separate study, two groups of hamsters were gavaged with 50 mg/kg of fosinopril and their mean ar- 
tenal pressures were monitored once at either 6 or 1 7 hours. Another two groups treated with 50 mg/kg of cap- 
topril were measured at the same time points, and the four sets of hamsters were compared to a control group. 

The effect of fosinopril and captopril on early atherosclerosis 

In the first study, a group of controls were fed regular chow supplemented with 0.05% cholesterol, 10% 
coconut oil, 1 0% fiber and 1 5% rice flour. The controls were gavaged daily with water. A second group received 
the same atherogenic diet and was gavaged once daily with 100 mg/kg of fosinopril. Hamsters were fasted 2 
hours before dosing, and refed 2 hours following gavage. A third group of hamsters was fed chow to provided 
base-line values for plasma lipids, blood pressure and atherosclerosis. 

For the second study, a group of control hamsters was fed the same atherogenic diet as above. A second 
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S^ZSS? l¥ ? ? ath T eniC di6t W6re 9aVa9ed ^ Wtth 50 fosin °P ril 50 mg/kg 
S Th r ? L Ea ? h animal was weighed daily for accurate dosing and the weight change between the 
start and the end of the study was assessed. «»iweenine 

niahl^H^h 080 '!; 08 ' 8 ShjdfeS ' hamSterS W6re treated f0r 3 weeks " ° n dav 1 * animal * were fasted over- 
tona ress re and htrtT'w 9 !° ^ ^ " 21 ' n ° n - faSted hamStelS had their ™ a " a " 
tonal pressure and heart rate determined in a semiconscious state at 5 hours after gavaging. Then blood was 

Z n \T 0f H fa ^ f Streak fomiation was measu '* d ^ face specimens. The arch was stained wim hema- 
toxy n and oil red O (for neutral lipid), cut open and mounted on a glass slide with the endothelial surface teL 

ZnZT attaCh6d t0 end0the ' ial SUrf3Ce and mac "P" a ge>f°am cells on the surface a d n ^ sZ 
addSn /h SPaCe ( ' e : mtimal Ce " S) ^ oountad and divided bv the area ° f flying foam cells/mm' In 
by foam cell size ftim* X was used to approximate the area of artery stained by oil red 0 

In acute and chronic experiments, mean arterial pressure, heart rate, plasma lipids and atherosclerosis 

edbyaWelchTrendte ^ 

means e, her mcreasmg or decreasing). It assumes the data are normally distributed but it does n^eou're 
the number of comparisons made between control and treated groups. Thus the new levels of statistical sia 
vZ^Z* 0 ™ f0 ;7 able 1 (, ' e - 0 05 dMded bv 3 >' and P < 0 025 *» Table 2 to 6 1 SSSSd by 

compare chan9es in body weight within control and treated hamstere of the se * 

RESULTS 

Acute effects of fosinopril and captopril on blood pressure 

in no^lTrh.^ 018 ' T ** ^ 93Va9ed With 1 °° m9/k9 ° f fosino P ril had si 9 nfficant Auctions 
m normal mean blood pressure of 19% and 10% at 6 and 17 hours respectively. By 25 hours blood pressure 
oftoe^ 

dose of fosinopril and captopri. decreased mean arterial pressure by 15% and 10% respectively at houn? 
However the reduction with captopri. just missed statistical significance (P <0.04): Values were norma, n tS 

M In 9roUPS - Heai1 fate W3S UnChan9ed With fosin °P ril treatment . whereas the 6 hour captopri group 
had an 8% increase in heart rate compared to controls (Table 2). *«pwpni group 

The effects of fosinopril and captopril on early atherosclerosis 

to th™£T ; eatment * f0Sin ° Pril (10 ° m ^' d ^ decreased arterial pressure by 11% compared 

to the oontro. group Heart rate was unchanged. Base.ine hamsters had norma. b.ood pressure and heTS rate 

Z 39-/ lTZ a T ■ rT' 8 ' f ° Sin0Pril d6CreaSed Pl3Sma VLDL+LDL cholesterols and Wg prides 
Sn'tS n™„ I™**? by 18% - The baSe "' ne flr ° Up had Si 9 nificant| y '°w«r Plasma "aids than 

VLnTlTn ° h T r ? ! fOSinOPn! 9r0UP W3S to the baseline anima '* latter had lower total 

VLDL+LDL cholesterols and total triglycerides of 28% , 30%, and 48% respectively (Table 3) As for trTmeas 

foaZn 1 n f ero f ^ both f0si "0P«' a "d the baseline groups had 92% fewerfoam 

foam cells were 40% smaller and total foam cel. area was 95% .ess when compared to the control group ^able 

nJ?^ SeC ° nd T°? ^ the 50 m9/k9/day f0Sin0pril and ^PtoPri' S^PS "ad blood pressures and heart 

VLDL+LDL cholesterols and total tnglycendes by 17%, 27% and 45% respectively. The captopril group had 
s.m ar plasma l,p ld levels as the controls, except for HDL cholesterol which was 20% low* (Xble 5?* the 

^Sw^-^^rlr!.* 8 " umberof foam *> a * cell size and ^2am ^ 

e foam celt a „H Si 7 ^""^ when ^P 3 "* to Captopril treated hamsters had 44% few- 

ll To, '.f ° am ° e " area W8S 53% less com P ared to the ™™ Sroup (Table 6). Foam cell size 

toornreated IS'T h ^ ^ ° f 8% and 3% ™^V- The oap 

topnl treated hamsters had no change in body weight (Table 7). 
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DISCUSSION 

This series of experiments indicate that fosinopril and captopril inhibited the formation of the fatty streak 

'« ! «f! ? uT' C hamSt6r - Th6re 3re Several P ° SSible mechani sms behind fosinopril's anti-atherosclerotic 
effect With both fosinopril doses, the decline of VLDL+LDL cholesterols probably contributed since in a pre- 
vious hamster study, the hypolipidemic drug cholestyramine decreased the same fraction of cholesterol and 
also reduced early atherosclerosis. The increase in HDL cholesterol with the high fosinopril dose may have 
also affected les.on formation, as HDL 2 is the predominant fraction in hamsters, which removes cholesterol from 
tissues. Whether a decrease in the level of plasma triglycerides played a role remains unclear 

The data suggest that the decline of VLDL+LDL cholesterols with fosinopril treatment cannot entirely ex- 
plain the decrease in foam cell formation. For example, the captopril group had similar levels of plasma lipids 
compared to controls, while the extent of the lesions was less. In addition, fosinopril at 1 00 mg/kg inhibited the 
fatty streak to the same extent as in the baseline hamsters, desgite having higher VLDL+LDL cholesterols Fi- 

wh !i ITT 3t f mg/k9 u decreased atherosclerosis to a greater degree than drugs such as cholestyramine, 
which only lower plasma cholesterol. 

«f fhl^t Whe , reby f ° Sin0Pril decreases P |asma VLDL+LDL cholesterols is uncertain. Body weights 
of he 50 mg/kg fosinopril group increased during the study. The captopril treated animals failed to gain weight 
but they achieved similar plasma lipid levels as the controls. Both results indicate thatreduced levels of plasma 
cholesterol in the fosinopril group cannot be explained by a low intake of dietary cholesterol and saturated fat 
The reduction of mean arterial pressure with fosinopril treatment may have inhibited foam cell formation 
However there are several reasons why this may not be the case. For example, the 50 mg/kg/day dose of fo- 
sinopnl only temporarily reduced blood pressure and yet it dramatically inhibited foam cell formation. In fact 
ttie same dose of captopril failed to significantly decrease pressure in both acute and chronic studies, and stall 
it produced a decline of the fatty streak. The data suggests that both fosinopril and captopril slowed the pro- 
gression of early atherosclerosis by additional mechanism(s) beyond decreases in plasma cholesterol or blood 
pressure. 

v. n!!. 0 ^?' ^''T" decreased the Passion of the fatty streak probably through a reduction of plasma 
VLDL+LDL cholesterols and a temporary fall in blood pressure. Captopril inhibited foam cell accumulation with- 
out affecting blood pressure or plasma lipids. The data suggests that phosphorus-containing ACE inhibitors 
such as fosinopirl poss,bly impede early atherosclerosis by additional mechanism(s) such as decreasing the 
concentration of arterial angiotensin II. 

SUMMARY 

The effect of fosinopril and captopril on the development of the fatty streak was determined in hyperfipi- 
demic hamsters. Early atherosclerosis was induced by feeding chow containing 0.05% cholesterol and 10% 
coconut oi . Acute dose-blood pressure response studies in hamsters, indicated that fosinopril (100 and 50 
rn^/kg/day) decreased mean arterial pressure by 19% and 15% respectively at 6 hours after gavage. Captopril 
50 mg/kg/day reduced mean arterial pressure at 6 hours by 10%, but this just missed statistical significance 
In the atherosclerosis experiments, three weeks of treatment with 1 00 mg/kg/day of fosinopril decreased blood 
pressure by 11%. Chronic dosing with the 50 mg/kg dose of either fosinopril or captopril had no effect on blood 

STST ?S?' ad 10 COntrolS ' fOSin0pril (10 ° 8nd 50 "Wday) reduced plasma VLDL+LDL cholesterols 
by 39 A, and 27% respectively, while the high dose of fosinopril increased HDL cholesterol by 18% Total tri- 
glycerides were reduced by approximately 40% with both doses of fosinopril. Captopril treatment had no effect 
on plasma hpids. Measurements of early atherosclerosis demonstrated that fosinopril (100 mg/kg/day) reduced 
ttie number of intimal foam cells/mm*, foam cell size (urn*) and total foam cell area (jur*) by 92%, 40% and 
95/o respective y. The lower dose of fosinopril decreased the three fatty streak parameters by 85%, 38% and 
90 /. respectavely. Captopril reduced these measurements by 44%, 16% and 53%. In conclusion, fosinopril low- 
ered blood pressure acutely, decreased plasma cholesterol and inhibited fatty streak formation. Captopril re- 
duced the fatty streak without affecting plasma lipids or blood pressure. 
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Claims 

1. Use of a phosphorus-containing angiotensin converting enzyme inhibitor for the manufacture of a medi- 
cament for lowering serum cholesterol in a mammalian species. 

2. The use as defined in Claim 1 wherein the phosphorus-containing angiotensin converting enzyme inhibitor 
is a phosphinylalkanoyl proline, a phosphinylalkanoyl substituted proline, a phosphonamidate derivative 
or a phosphonate substituted amino or imino acid or salt thereof. 

3. The use as defined in Claim 1 wherein the phosphorus-containing angiotensin converting enzyme inhibitor 
is fosinopril. 

4. The use as defined in Claim 1 wherein the phosphorus-containing angiotensin converting enzyme inhibitor 
is ceronapril. 

5. The use as defined in Claim 1 wherein the phosphorus-containing angiotensin converting enzyme inhibitor 
is a phosphinylalkanoyl proline or substituted proline. 

6. The use as defined in any preceding claim wherein said phosphorus-containing angiotensin converting 
enzyme inhibitor is administered in single or divided doses of from about 0.1 to about 500 mg/one to four 
times daily. 

7. The use as defined in any preceding claim wherein the phosphorus containing angiotensin converting en- 
zyme inhibitor is employed in combination with a cholesterol lowering drug. 

8. The use as defined in Claim 7 wherein the cholesterol lowering drug is an inhibitor of the enzyme 3-hy- 
droxy-3-methylglutaryl coenzyme A (HMG CoA) reductase. 

9. The use as defined in Claim 8 wherein said inhibitor of the enzyme HMG CoA reductase is mevastatin, 
lovastatin, pravastatin or velostatin. 

10. The use as defined in Claim 8 wherein said inhibitor of the enzyme HMG CoA reductase is a pyrazole 
analog of a mevalonolactone, an indene analog of mevalonolactone, a 3-carboxy-2-hydroxypropane- 
phosphinic acid derivative, a 6-[2-(substituted-pyrrol-1-yl)-alkyi]pyran-2-one, an imidazole analog of me- 
valonolactone, or a heterocyclic analog of mevalonolactone, a naphthyl analog of mevalonolactone, an 
octahydro-naphthalene, fluindostatin, a keto analog of lovastatin or a 2,3-di-substituted pyrrole, furan or 
thiophene. 

11- The use as defined in Claim 7 wherein the cholesterol lowering drug is an inhibitor of the enzyme squalene 
synthetase and has the formula 



h f? 0 0 

~i 11 11 - 1' II 

R 1 -P-CH 2 -P-0 or R 1 -P-CF 2 -P-O" 

i- 1 - 1 - l - 

0 0 0 0 



wherein R 1 is 
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0 
II 



25 "P-CH 2 -CH-CH 2 -co- 



X OH 

i ^ n 
Z 



30 



wherein X is -a or -NH-, n is 1 or 2 and Z is a hydrophobic anchor. 
13. The use as defined in Claim 8 wherein the HMG CoA reductase inhibitor includes the moeity 
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II 

X OH 
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55 



p-aminosalicylic acid or aspirin. 

17. The use as defined in Claim 7 wherein the cholesterol lowering drug is pravastatin. 

18. The ^e fi nedinC,aim7where-^^ 
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